Background: In 2002, 17.8% of the global cancer burden was attributable to infections. This study assessed the agestandardized incidence and mortality rates of stomach, liver, and cervical cancer in Puerto Rico (PR) for the period 1992-2003 and compared them to those of Hispanics (USH), non-Hispanic Whites (NHW), and non-Hispanic Blacks (NHB) in the United States (US).
Background
Infection with several viruses and bacteria has been associated to the development of various cancer types [1] . Nearly 17.8% of the global cancer burden is attributable to infectious agents [2] , with a higher percentage in developing countries (26.3%) than in developed countries (7.7%) [3] . The principal infectious agents associated with cancer morbidity worldwide are Helicobacter pylori (H. pylori) (5.5% of all cancers), human papilloma viruses (HPV) (5.2% of all cancers), and hepatitis B (HBV) and hepatitis C viruses (HCV) (4.9% of all cancers); these agents account for 87.6% of the total cancer burden associated to infections [2] . More specifically, between 74%-78% of all stomach cancers worldwide have been attributed to infection with H. pylori, 85.4% of hepatocellular carcinoma is attributable to HBV (54.4%) or HCV (31.0%) infection [3] , while persistent infection with certain types of HPV has been established as a necessary cause for cervical cancer, accounting for 100% of these tumors [2] . Moreover, HPV infection has been associated to cancer of the vulva, vagina, penis, anus, oral cavity and oropharynx [3] . Among other cancer types, bladder and nasopharyngeal cancer, as well as various types of lymphomas and sarcomas, have also been associated to other infectious agents such as Schistosoma haematobium, Epstein-Barr virus, HCV, H. Pylori, human T-cell leukemia virus type 1 (HTLV-1), and human herpes virus 8 (HHS-8) [1, [3] [4] [5] . Nonetheless, the percent of all cancers worldwide associated to these previously mentioned infections is less than 3% [3] .
Worldwide, among infection-related cancers, stomach, liver, and cervix uteri cancers not only account for the vast majority of the total cancer burden associated to infections [3, 6] , but they also have the highest incidence figures [1] . Although the incidence of total cancer in Puerto Rico (PR) is lower than that of the United States (US), the incidence from infection-related cancers such as stomach, liver and cervical cancer is higher in the island than in the US, particularly among non-Hispanic Whites (NHW). Contrary to the US, these cancer types also rank among the leading cancer sites in incidence and mortality in PR [7] [8] [9] [10] [11] [12] . This pattern is similar to patterns observed among Hispanics in the US (USH) who show lower incidence and mortality rates from total cancer than NHW for the most frequent cancer types, although they experience a higher incidence of cancers related to infectious agents [13] [14] [15] , similar to that of their countries of origin [16] .
Information on the current burden of infection-related cancers in PR and how it compares with other US racial/ ethnic groups is limited because these comparisons have mainly focused on USH, NHW and non-Hispanic Blacks (NHB) [14, 15] . Understanding patterns of cancer incidence in diverse racial/ethnic groups is essential to further understand risk factors for disease occurrence in specific populations and to direct appropriate cancer prevention and control efforts for specific population subgroups. Thus, this study aimed to assess the age-standardized incidence and mortality rates of stomach, liver and cervical cancer in PR and compared them to those of USH, NHW, and NHB in the US for the period 1992-2003.
Methods

Data sources
Incident cases and deaths for stomach, liver and cervical cancer for all racial/ethnic groups were obtained from the PR Central Cancer Registry (PRCCR) [17, 18] and the Surveillance, Epidemiology and End Results Program (SEER) [19, 20] , respectively. The SEER program is a national cancer surveillance database that collects and reports incidence and survival data from a sample of the US population. The PRCCR is the fourth oldest populationbased cancer registry in the world [21] and collects information on cancer in PR since 1951. The PRCCR is part of the National Program of Cancer Registries (NPCR) administered by the Centers of Disease Control and Prevention (CDC). The PRCCR uses the coding standards of the SEER and of the North American Association of Central Cancer Registries (NAACCR); thus, the registry is fully comparable with SEER data. In the year 2003, a CDC audit concluded that 95.3% of all cancer cases diagnosed or treated in hospital facilities in PR were appropriately reported to the PRCCR; a result comparable to the US median (95%) [22] . 
Statistical Analysis
For each racial/ethnic group, annual age-standardized incidence and mortality rates [ASR(World)] (per 100,000) of stomach, liver and cervical cancer for 1992-2003 were calculated, using the direct method (mortality rates were based on underling cause of death) and the world population as the standard [23] . To assess the trends in risk for specific sites, the annual ASR(World) were calculated by sex, as follows:
where w j is the proportion of persons in the j-th age group of the standard population, d k ij is the number of cases (new cases or deaths) in the j-th age group for the i-th ethnic group in the k-th year, and n k ij is the population in the j-th age group for the i-th ethnic group in the k-th year. The annual percent change (APC) of the ASR(World) was estimated using the joinpoint regression model [24] . The Joinpoint Regression Program version 3.3 [25] was used for the APC estimation using the following parameters: 1) 
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Results
Stomach cancer
Rates (1999-2003)
In men, the incidence rates (per 100,000) of stomach cancer ranged from 11.7 in NHW to 22.5 in PR; while in women rates ranged from 5.5 in NHW to 12.9 in NHB. NHW men and women had 48% (SIR = 0.52, 95% CI = 0.48, 0.57) and 50% (SIR = 0.50, 95% CI = 0.46, 0.55) lower risk, respectively, of stomach cancer, than their counterparts in PR (Table 1) . No significant differences in stomach cancer risk were observed between USH and NHB men and women as compared to PR, except for NHB females who had a higher risk of the disease as compared to women in PR (SIR = 1.17, 95% CI = 1.03-1.33). The mortality rates (per 100,000) from stomach cancer in men ranged from 6.8 in NHW to 17.1 in PR, and from 3.5 in NHW to 8.7 in NHB in women (Table 1) . NHW and USH men and women had a lower risk of death than their Puerto Rican counterparts (p < 0.05); whereas, no significant differences in mortality were observed between NHB and PR (p > 0.05; Table 1 ). In all racial/ethnic groups, the incidence and mortality rates of stomach cancer were significantly higher among men as compared to women (p < 0.05) ( Table 1) .
Trends
From 1992-2003, the incidence of stomach cancer decreased 2%-3% per year in men and women from most racial/ethnic groups, except for USH and NHB women who showed relatively constant trends ( Figure 1 ). Meanwhile, mortality showed a significantly decreasing trend for women from all racial/ethnic groups (APC between 2-4% for all groups) and a constant trend for men ( Figure 2 ).
Liver cancer Rates (1999-2003)
The incidence rates (per 100,000) of liver cancer in men ranged from 7.0 in NHW to 14.2 in USH; and in women from 3.0 in NHW to 6.4 in USH (Table 1) . USH men had a 20% (SIR = 1.20, 95% CI = 1.05, 1.37) higher risk of liver cancer than men in PR. Whereas, NHW men and women had 41% and 50% lower risk of liver cancer than PR men and women, respectively. No significant differences (p ≥ 0.05) in incidence rates were observed between NHB and PR men; although NHB women showed a 29% (SIR = 0.71, 95% CI = 0.59, 0.85) lower risk of liver cancer than PR women. Mortality rates (per 100,000) from liver cancer in men ranged from 6.9 in NHW to 13.6 in PR; and in women from 3.3 in NHW to 7.8 in PR (Table 1) . NHW, USH and NHB men and women had significant lower risks of death from liver cancer than men and women in PR, ranging from 14% to 58% (p < 0.05) reduction in risk.
In all racial/ethnic groups, both the incidence and mortality rates of liver cancer were significantly higher among men as compared to women (Table 1) .
Trends (1992-2003)
Although constant incidence trends (p > 0.05) were observed in men and women in PR and in most of the other racial/ethnic groups, the incidence trends of liver cancer showed significant increases among NHW men (APC = 2.0%), NHB men (4.9%) and NHW women (APC = 2.1%) ( Figure 1 and Figure 2 ). With respect to mortality, the rates showed relatively constant trends (p > 0.05) for all racial/ethnic groups, except for NHW women who experienced an increasing mortality trend from liver cancer (APC = 0.9%).
Cervical cancer Rates (1999-2003)
The incidence rates (per 100,000) of cervical cancer ranged from 5.9 in NHW women to 12.7 in USH women. Although no significant differences in cervical cancer occurrence were observed between NHB and women in PR, USH women had 40% (SIR = 1.40, 95% CI = 1.28, 1.53) higher risk of cervical cancer than women in PR (Table 1) . Whereas, NHW women had 35% lower risk of cervical cancer than women in PR (SIR = 0.65, 95% CI = 0.60, 0.70). Mortality rates (per 100,000) of cervical cancer ranged from 2.1 in NHW women to 5.1 in NHB women. No significant differences in mortality from cervical cancer were observed between women in PR and NHW. Whereas, USH women had a 41% and NHB women had a 2-fold significant higher risk of death from cervical cancer than women in PR (p < 0.05, Table 1 ). 
Trends (1992-2003)
Significant decreases in the incidence trends of cervical cancer were observed for women from all racial/ethnic groups from 1992-2003, ranging from -2.2 for PR to -4.2% for USH. Similarly, significant decreases in cervical cancer mortality were also observed for all groups, except for PR where the decline was non-significant (p > 0.05) (Figure 2 ).
Discussion
Our study adds updated information to the previous knowledge on infection-related cancers in PR as compared to specific racial/ethnic groups in the US [7, 10, 11] . The higher incidence and mortality rates of stomach, liver and cervical cancer observed among PR, NHB and USH as compared to NHW are consistent with previous studies in these populations [7, 10, 11, 14] . Given the infectious etiology of these cancers, these results might suggest a higher prevalence of certain infectious agents among these populations, and of the risk factors associated with these infections and neoplastic conditions.
Liver Cancer Rates
Disparities in incidence rates of liver cancer among the studied racial/ethnic groups are likely the result of variations in the distribution of risk factors in these populations, such HCV/HBV infection, genetics and environmental factors or HBV vaccination coverage [27, 28] . The higher risk of liver cancer in men as compared to women in PR and racial/ethnic groups studied is consistent with previous data for PR [29, 30] and the US [14] . This has been explained by higher prevalence of risk factors for liver cancer in men as compared to women [31, 32] , such as higher alcohol consumption and HBV/ HCV infection [33] [34] [35] . In the US, the prevalence of HCV in the general population ranges from 1.5% in NHW, 3.0% in NHB [19] and 2.3% in PR [34] . Similarly, the prevalence of HBV infection has also been shown to be greater for NHB than for NHW [36] . Although data on HBV and HCV for the USH population is scarce and may not accurately reflect the true proportion of people infected [33] ; a higher prevalence of HBV in the majority of Latin American countries than in the US has been documented [37] , but data for HCV is very limited [38] . Although a higher incidence of both HCV and/or HBV infection among USH and PR than among NHW is difficult to document, high risk behaviors for HCV infection, such as drug use and needle-sharing are high in PR and among NHB and USH [39, 40] . In addition, lower HBV vaccination coverage has been documented for NHB and USH children and adults in the US [27, 28, 34] . Finally, of special interest are the significantly higher mortality rates from liver cancer among men and women in PR compared to USH, NHW and NHB. This result highlights health disparities between the study groups, probably explained by higher exposure to HCV/HBV, more advanced stage at disease diagnosis, decreased access to effective therapies and overall access to care in PR that warrants further attention and research.
Trends
Our study showed relatively constant trends in the incidence and mortality from liver cancer in PR, USH and NHB; however, incidence trends among NHB men increased. Increasing incidence and mortality patterns were also observed among NHW men and women, a result consistent with other studies in the US [41] . A possible explanation for the rising incidence of liver cancer among NHW and NHB men is an increase in the prevalence of cirrhosis, mostly secondary to chronic infection with HCV [41, 42] . Also, the HCV cohort of patients infected by intravenous drug use during the 1960's-1980 has been responsible for the increasing incidence trends of liver cancer in the US [41, 42] . In PR, despite the constant trends in the incidence of liver cancer, it is expected to increase in the next decades as a result of the projected higher prevalence of HCV-related cirrhosis [42] . Meanwhile, the constant mortality trend in most study groups suggests that no major advances in prevention and/or treatment of liver cancer have been achieved. For example, no treatment has been proven effective in preventing progression to chronic liver disease and HCC among HBV carriers [6] .
Stomach Cancer Rates
The higher incidence of stomach cancer in PR compared to NHW (although similar to that of NHB and USH) suggests a higher prevalence of stomach cancer risk factors in this population, including H. pylori infection as well as other factors associated with infection, or other known risk factors for stomach cancer such as a high intake of salty foods and/or N-nitroso compounds [43] [44] [45] . Although data on the prevalence of H. pylori is scarce in PR, infection rates with H. pylori are higher in NHB (52.7%) and USH (61.6%) populations as compared to NHW (26.3%) in the US [45] . This pattern supports the higher incidence rates from stomach cancer among Hispanic populations in the US, similar to Latin American countries [2, 10, 13] . These results suggest a higher burden of H. pylori infection in PR, USH and NHB than in NHW, thus, additional data in PR is warranted. Meanwhile, the higher risk of stomach cancer in men as compared to women in PR and in all racial/ethnic groups studied is consistent with data for PR [29, 30] and the US [14] . This difference is explained by a higher prevalence of risk factors for this cancer in men as compared to women [31, 32] , such as H. pylori infection [33] [34] [35] . Mortality rates from stomach cancer were also significantly higher for men and women in PR than for USH and NHW (although similar to NHB). These differences might be explained by differences in stage of disease at diagnosis, decreased access to effective therapies and overall access to care in PR and among NHB. These differences warrant further attention and research. Among prevention strategies, early eradication of H. pylori infection in high risk patients (such as those of patients with peptic ulcer disease) should be promoted in PR, as this reduces gastric cancer risk by reversing many biochemical, genetic and epigenetic changes in stomach cancer induced by H. pylori infection [46] .
Trends
Decreasing incidence trends from stomach cancer observed in our study are consistent to patterns observed worldwide [6] . Although the reasons for these declines are not well understood, they are thought to be related to improvements in diet, food storage, as well as a reduction in the prevalence of H. pylori infection caused by increasing levels of living standards over the past 50 years and an increased use of antibiotics [6, 47, 48] . The same could be hypothesized for PR, given the improvements in living conditions, education and sanitation [49] . In addition to these factors, decreasing mortality trends may also be explained by increased access to care in all population sub-groups.
Cervical Cancer Rates
The higher incidence of cervical cancer observed among USH, NHB and PR could reflect a potential higher prevalence of HPV infection in these populations or lower screening rates in these groups. Although no populationbased data for the prevalence of HPV have been reported in PR that might explain the burden of cervical cancer among women in this population, a high incidence of cervical cancer has been observed in developing Latin American countries (33.5 per 100,000) and the Caribbean (33.5 per 100,000) [50] . Although studies in the 1990's suggested a higher prevalence of HPV in USH and NHB in the US as compared to NHW [51] , which support the higher burden of cervical cancer in these groups, more recent studies show a higher prevalence among NHB but not among USH [52] . The higher incidence of cervical cancer in these groups may also be influenced by the high HIV/AIDS burden in these minority populations [53, 54] , as cervical cancer is an important AIDS-defining illness and may be the most common AIDS-related malignancy in women [55] . Regarding mortality, PR and NHW had similar risks of death from this malignancy, while USH and NHB had increased risk. Disparities in cervical cancer screening compliance between these racial/ethnic groups could also account for some of the observed differences in both incidence and mortality. Nonetheless, the lower prevalence of cervical cancer screening in PR (70.2% in 1996, 73.3% in 2002) than in the US (84.7% in 1996, 87.2% in 2002) [35, 56] and to those of the studied racial/ethnic groups (>85%) does not support the lower mortality from the disease in PR as compared to NHB and USH. 
Trends
Decreasing patterns of cervical cancer incidence and mortality are consistent with data in PR [57] and the US [58] and supported by the increased use of cervical cancer screening in these populations. Although they could also be influenced by decreasing patterns of HPV infection in these populations, historical data of HPV infection to support this hypothesis is unavailable. Nonetheless, this is less likely given that infection with HPV is associated with high risk sexual practices, such as, early age of sexual intercourse, multiple sex partners, and lifetime number of partners; and in fact, high risk sexual practices that have increased in younger cohorts [59] .
Strengths and Limitations
This study provides updated population-based data on the burden of infections-related cancers in PR compared to racial/ethnic groups in the US. Among study limitations, incomplete information regarding stage at diagnosis of cancer cases in PR limits our ability to consider the impact of staging on cancer trends. Also, even though PR is a Hispanic population, Hispanics in the US constitute a heterogeneous group of persons from a variety of Hispanic origins that show substantial variability in cancer rates [11] . Even though the Hispanic population residing in the US described in our study is not directly comparable to the Puerto Rican population living in PR, racial/ ethnic group comparisons identify disparities in the burden of disease and generate hypotheses about the role of environmental, genetic, social, and lifestyle factors on cancer occurrence [7, 60, 61] .
Conclusions
In conclusion, the higher overall burden of liver, stomach and cervical cancer among PR, USH and NHB, as compared to NHW, shows a health disparity between these groups that could be explained by various factors: 1) higher prevalence of infection with oncogenic infectious agents in these racial/ethnic populations, 2) lower rates of appropriate screening and early detection of cancer in these groups, and 3) differences in access to advances in preventive and treatment options among these populations. Nonetheless, the declining trends in the incidence and mortality of stomach and cervical cancer in PR might be explained by improvements in socioeconomic status, reductions in the burden of infectious agents and improvements in access to preventive and treatment care. Further research is warranted to understand the observed differences in cancer occurrence across these populations, with a particular focus on the burden of cancerrelated infectious agents in these populations and the factors associated with disease progression.
